Fly brains collected at ZT18 were stained for PDF (blue), TIM (red), and CK2a (green).
Representative images of the small and large ventral lateral neurons (LNv), dorsal lateral neurons (LNd), and dorsal neurons (DN1, DN2, DN3) are presented. Scale bar = 10 µm. (B) Protein extracts from wild-type flies (iso31) or cry 01 flies were collected similarly to those in Figure 2E , immunoprecipitated using TIM (αT) or rat non-specific (-) IgG, and analyzed by immunoblotting with the indicated antibodies (left panel). Total protein extract was similarly analyzed (right panel). Cadherin antibody was used to determine load control (cad). * nonspecific band. (A) TIM-YFP fusion protein was expressed alone (-SGG) or expressed with SGG-CFP fusion protein (+ SGG) in S2 cells using a constitutively active actin promoter, and imaged.
Representative images are shown. Cells were analyzed and plotted as a ratio of nuclear and cytoplasmic signal (N/C), as described in Figure 4 . Red line is the N/C mean, +/-SEM.
(B) The assay described in Panel A was repeated for PER-mCherry fusion protein and is similarly plotted. NS = not significant (p≥0.05). The values used to generate behavior charts presented in Figures 1 , and 5B-D are tabulated.
The first column refers to the data label in the figure and the second column the genotype.
Period of the locomotor activity rhythm (tau), standard deviation (SD), standard error (SE), number of arrhythmic flies (No. Arr.) and total number of flies that were analyzed are as indicated.
Supplemental Experimental Procedures

Plasmids, tissue culture, and transfection
Timeless, Period, Shaggy, CK2α and CFP cDNA was subcloned into the HS-Casper (Saez and Young, 1996) and pAc5.1/V5-HisA vector plasmids (Invitrogen). Mutant tim genes were subcloned into each vector using standard cloning techniques. YFP, mCherry or 3xHA tags were fused to the C-terminus of TIM; mCherry or 3xMyc tags were fused to the C-terminus of PER; and CFP or 2xV5 tags were fused to the C-terminus of SGG or CK2α. A triple-glycine linker separates each tag. S2 cells were maintained in Schneider's medium (Invitrogen) supplemented with 10% FBS (Sigma). S2 cells were transfected using Effectene (Qiagen) as per manufacturer's protocols. For microscopy, cells were resuspended in fresh medium the day after transfection, and seeded into Lab-Tek II chamber slides (Nunc) for analysis.
Fluorescence microscopy and analysis of S2 cells
S2 cells in chamber slides were heat shock induced to exogenously express TIM (YFP) and PER (mCherry) alongside actin-driven CFP in an air incubator at 37 ºC for 30 minutes. <2 h post-heat shock, ~25 cells were imaged for CFP expression using a DeltaVision system (Applied Precision) equipped with an inverted Olympus IX70 microscope (60X oil objective, 
Immunoblotting and immunoprecipitation
Fly heads were lysed by mortar and pestle in three times their volume in lysis buffer (50 mM Tris pH 8.0, 150 mM NaCl, 1 mM EDTA, 1% Triton X-100, 0.5% Na-deoxycholate, 25 mM NaF, 1 mM DTT, 20% Glycerol, 0.01% NaN 3 ) supplemented with protease inhibitors (Calbiochem). The lysate was incubated on ice for 30 minutes and spun at 16,000 g in a microfuge centrifuge for 10 minutes at 4ºC. The supernatant was collected and mixed with an equal volume of lysis dilution buffer (50 mM Tris pH 8.0, 150 mM NaCl, 1 mM EDTA, 1 mM DTT, 20% Glycerol) and centrifuged again. Supernatant was stored at -80 ºC until analysis.
Immunoprecipitation experiments were conducted immediately without freezing. S2 cells grown in a 6-well plate were prepared for analysis by washing in PBS, lysed in 200 µl lysis buffer, and stored at -80 ºC. Protein concentrations were determined by Lowry assay (BioRad)
as per the manufacturer's protocol. Equivalent amounts of protein (~5-10 µg of S2 lysate and ~25 µg of fly head extract) were loaded in a 6%, 7% or 10% SDS-PAGE gels for immunoblotting. Blots were probed with 1:1000 anti-TIM antibody (Myers et al., 1996) Immunoprecipitation (IP) from S2 cells and fly heads employed lysis buffer as described above, or lysis buffer modified to 250 mM NaCl, 0.5% TritonX-100, 0.25% sodium deoxycholate. Non-specific rat IgG (Jackson) and all indicated antibodies were diluted 1:100 for IP.
Immunocytochemistry
Fly heads were collected under red light and fixed in PBS with 4% paraformaldehyde and 0.5% Triton X-100 in the dark. Heads were washed in washing solution (0.5% Triton X-100 in 1 X PBS), brains dissected, and blocked in washing solution containing 5% donkey serum (block solution). The entire procedure was conducted at 4ºC or on ice. Brains were then probed in block solution using 1:500 dilution of TIM antibody, 1:1000 dilution of PER antibody, or 1:250 dilution of PDF antibody. After four washes, probed brains were re-probed using secondary antibodies conjugated to Alexa-488 (PER), Alexa-568 (TIM) or Alexa-647 (PDF) in 1:200 dilution. Brains were mounted using Fluoromount (Beckman Coulter) and imaged using Leica confocal microscopy at 40X magnification.
Protein purification and in vitro kinase assay
Wild-type and mutant TIM fragments (as indicated) were generated by site-directed mutagenesis and subcloned into the pGEX-6P-1 vector (GE Lifesciences). Protein was expressed in BL21 bacteria, followed by lysis in STE (10 mM Tris pH8.0, 150mM KCl, 1mM EDTA), supplemented with 1% Sarcosyl, 1 mM DTT, 100 µg/ml lysozyme), and sonicated.
After centrifugation lysate was bound to glutathione beads (GE Lifesciences) for 1 h at 4 ºC.
The beads were washed twice with STE supplemented with 20% glycerol, and protein concentration in each sample was determined by Lowry assay. The beads were aliquoted in equivalent protein amounts and stored in -80 ºC. Beads were later washed twice with either GSK-3 or CK2 buffer (NEB). Beads (~20 µl) were resuspended in 150 µl of either buffer, with 1 µl 32 PγATP, followed by addition of 0.2 µl of either GSK-3/SGG or CK2 (NEB). The mix was incubated at 30 ºC for 10 minutes (SGG) or 4 minutes (CK2), washed twice with PBS, and resuspended in 25 µl 2X SDS-PAGE loading buffer. 5 and 15 µl of each sample was analyzed by SDS-PAGE and radiography.
Transgenic flies and behavioural analysis
TIM cDNA was fused to genomic TIM promoter in the Casper4 vector, as previously described (Ousley et al., 1998; Rutila et al., 1998) , injected in embryos, and selected for P-element based insertion (BestGene). Flies carrying the P-element transgene on the first or third chromosomes were used in crosses to generate the genotypes indicated. Recombinatorial breeding was used to generate flies with tim-UAS-Gal4,tim 0 , UAS-sgg,tim 0 , UAS-ck2α,tim 0 , tim-UAS-Gal4,UAS-sgg flies. Individual flies were analyzed for locomotor activity using the Drosophila Activity Monitor System IV (Trikinetics). Flies were raised at 25 ºC, and entrained in a 12h:12h light dark (LD) cycle for at least three days, then moved to constant darkness (DD) for at least seven days. Period was determined using ClockLab Software (Actimetrics).
RNAi treatment of cells
SGG or CK2α cDNA was used to generate double stranded RNA using Megascript T7 (Ambion), as per the manufacturer's protocol. S2 cells were transfected as described above, followed by addition of 1 µg of RNA to cells in serum-free media for 1 h, every 24 h for three days. For microscopy, cells were then transferred to chamber slides and imaged as described in supplemental experimental procedures. A fraction of the cells were used for western blot analysis, as described above.
